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THE POSSIBILITY OF USING AS A 

PHOTQGI^IETRIC BASE THE 1:25,000 HAP FOR PHCTOGRAPETRIC 

MAPPHG AT SCALES OF  Is 10,000 AND 1:5,000 

[Following is a translation of an article by Vaclav PichHk 
inX Czechoslovak periodical SS2Ä^|Ä^^ 
obzor (Geodetic and.Cartographic ROTIOT), No i2, December 
19597 Prague, pages 221-22H.J 

(Results of experimental work using as a photog ramme trie base 
4*e 1• ?* nno man and a universal machine of the first order to 
£.»S™   «Ä ^ints on the photograph of the 1:10 0   ^ 

In Czechoslovakia, as soon as mapping at ^e 1.25,000 sc-w  « 
completed, «oik started on topographic napping at the 1:10,000 scale 
and in some localities also at the 1:5,000 scale. 

^^-^W^^tS^infl work at given scales makes it possible 
to use If a pSgLmetri? base the 1:25,000 map in making, maps at 
Vho indicated larqer scales,.    This possibility was demonstrated 
^cScSyln^pIng work in which the —d^ethod «sW 
at the 1:10,000 scale and in some cases also a, the 1.5,000 scale. 

Experimental work,  in which the fotographs of the 1-25,000 
rap were used in mapping by the combined method fjfj'™'™^ 
1:5,000 scales, was carried out on the basis ox the following con 

A^mSmene SÄSWr&n Hmited Wit.« or 

to a small ^£, fw the l!25)000 map mere made at the 

l:18,00o'J&S So'seales!    freiere It 1. ^I»1» *<,£££■ *** 
in the 1:10,000 scale, and in seme cases alse in the 1.5,000 scale. 
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3. The capacity of the negative material to distinguish objects 
is 0.025 mm. This causes a lack of sharpness in photographs at 0.1. am 
only when the enlargement is quadruple. Therefore the lacking sharp- 
ness is less than that seen by the evaluator when he evaluates the 
sharpness on the universal instrument. When the photographs described 
abeve were made, the total enlargement factor for a photoplan at the 
1:10,000 scale was always smaller. 

k*    It is possible to assume that the photographic quality of 
the photographs used in mapping at the 1:25,000 scale xras generally the 
same. Since the mapping of most of the territory was made by the 
universal method, the photographic quality of these photographs should 
not be an obstacle as regards use of the combined method. 

The results of control measurement in the field as regards 
photoplans made at the 1:10,000 and 1:5*000 scales from photographs 
prepared for the 1:25,000 map proved that the procedure used is feasible 
and economical. 

In practice, sometimes photoplans are requested in the 1:10,000 
and 1:5,000 scales from photographs made during a new observation 
flight. These instances concern mostly those localities where the 
objects of measurement do not appear on the photographs made for the 
1:25,000 map. 

II. Other possible uses 
I believe that when we apply the universal instrument, it will 

be convenient to use as a photogrammetrie base the 1:25*000 .map for 
the following purposes: 

a) to determine the position coordinates of the matching points 
in evaluating the photographs taken on a nextf survey flight by using the 
universal method at the 1:10,000 scale. The elevation coordinates of 
these matching points can be used at the same time for making a rough 
check of elevations; 

b) to determine the matching points in establishing the scale 
of the model, if it is not possible to determine the matching points in 
the corners of pairs of photographs in evaluating the 1:10,000 map 
through the photographs taken on a new observation flight; 

c) to determine the coordinates of the matching points on 
photographs taken on a new observation flight in making a photoplan 
or evaluating the positions on a universal instrument at the 1:10,000 
scale, and in some cases also at the 1:5*000 scale. The accuracy of 
the elevation of the specified matching points is stifficient for 
redrawing or evaluating the positions on a map. 

The following were prerequisite for the use as a photogrammetrie 
base of the 1:25,000 map in mapping work at the 1:10,000 and 1:5,000 
scales: 

1) According to an analysis of the accuracy of the coordinates 
cf matching points used in making up the 1:25,000 map, the average 
position error of such points was found to be j*p.25 to +0,50 m, and 
the average elevation error j^O.25. m.       —     - 
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2) The coordinates of these points were checked previously 
during an evaluation at the 1:25,000 scale, and any gross errors of 
calculations or determinations were corrected. 

3) Assuming that the accuracy of nonsignalized points deter- 
mined photogrammetrically on universal instruments is about O.O4 mm 
at the scale of the photograph, it is possible to use 1:18,000 photo- 
graphs in determining photogrammetrically the matching points with an 
average position error of +0.70 m; and 1:23,000 photographs with an 
average position error of about jO.90 m. 

h)   Assuming that the accuracy of photogrammetrie determination 
of the elevation of a point is about 0,3 o/oo of the flight altitude, 
it is possible to determine the elevation of a point from a 1:18,000 
photograph with an average error of +1.15 mj and. from a 1:23,000 
photograph with an average error of +1.I& m. 

5) In order to concentrate the number of available points, the 
method is sometimes used in which the coordinates of the matching points 
of larger-scale photographs are determined photogrammetrically from 
smaller-scale photographs with measured matching points. 

6) Due to errors made in determining the coordinates of the 
matching points for the 1:25,000 map, for which the matching points 
were determined photogrammetrically by using 1:18,000 photographs, the 
average position error of the determined points may reach +0.85 m, 
and the average elevation error +1.20 m. Using 1:23,000 photographs, 
the average position error of the determined points may reach +1.05 m, 
and the average elevation error +1.U6 m. 

7) These values agree with paragraph 39 of the "Directives 
for Photogrammetric Work at the 1:10,000 and 1:5,000 Scales," Part 
II, according to which the differences of the positions of points 
determined in the upper and lower roxtf must not be greater than 0.3 mm, 
and the differences of the double determination of altitudes (from the 
upper and lower row) must not be greater than 1.5 m. 

If, according to directive F2 of paragraph 39, we compare the 
assumed errors in determining the matching points from the photographs 
for the 1:25,000 map with the admissible errors in determining the 
matching points for the 1:10,000 map, we can see the possibility of 
:sing as a photogrammetric base the 1:25,000 map to determine the 
matching points of photographs for the 1:10,000 map — in some case 
also for the 1:5,000 map — thus decreasing substantially the time 
used in mapping work. 

Decisive as regards the above should be the results of practical 
verification of the assumed accuracy in the determination of the 
coordinates of the matching points using a given photogrammetric base, 
and the possibility of identifying the matching points on photographs 
for the 1:25,000 map aid those for the 1:10,000 map. Since there will 
always be a comparatively large difference in the time when the photo- 
graphs were taken, this identification will often be rather difficult. 
The difference in time and the resulting limited possibility cf 
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identification will probably be more serious in using as the photo- 
grammetric base the 1:25,000 map to check the geodetically-determined 
matching points of the 1:10,000 map than in selecting and determining 
them according to photographs for the 1:25,000 map.    The advantage of 
the assumed method of using as the photogrammetric base the 1:25,000 
map seems to be that use is made of matching points the coordinates 
of which have been verified and corrected during the photogrammetric 
evaluation of the 1:25,000 map, and also that the photogrammetric 
base of the 1:25,000 map — and therefore also the coordinates of the 
matching points — will again be verified according to the proposed 
procedure at the time we calculate the transformation keys» 

III. < Procedure for determining the matching points 
If"we*"apply the procedure suggested*"above, we shculd folloiir the 

following steps: 
1. On photographs for the 1:10,000 map we should mark by circles 

the area of the projected points and also mark these areas on the 
photographs for the 1:25,000 map, or on enlargements of them, approxi- 
mately at the scale of photographs for the 1:10,000 map. 

2, In the circled areas on the photographs of both scales ve 
should find easily-identifiable objects for ths selection of matching 
points and more accurate determination of the position of the projected 
matching points by means of appropriate markings (pins or symbols). 
The identification should be done either 2>y direct comparison of the 
photographs or by stereos<"<"£■' ,   *-*«*-»■« fci<m cf the photographs for the 
1210,000 map *n* • *lt ,"-»*? Ph°tograPhs for the 1:25,000 map. 

" -^graphs in the     p?SSli>le to identify the matching pints 
--*■ or more matchina üoint?r°^ted areas> we should then determine 

•he scale of the model     Thf * •? S view to determining and controlling 
Ae pairs of photographs matofJteria.for locating matching points on 
^.sn it is not possibletn  •* ^ P°ss^le to determine such points even 
graphs for purposes of cltrlf*tlf^ the etching points on both photo- 
to mark a larger number ofW        ^'truies.    It will be advantageous 
«cessaiy for evaluatina fr H^   

n? ^ controllin9 Points than is 
■? of copies of S TL fT!nin9 the scale of the photographs 
increase only slinky ^/^ermming a larger number of pointi, we 
Ui« material^ outfox the otZl £°T^ in evalt«tinfl ™* computing 
accurate check on tS I        hei hand' ¥e als0 have * sufficiently 
to be recopLd. 'aCCUraCy °f the Co^' when *" photographs have 

tne altitudes 3°the pro jected^tS^1^ ??*?**** *»d PossflbOy also 
^■iversal machines of^ f^rst Jrder"9 ? ** l!l°'000 map on 

the matcMS'pS^? &"%?&?'** f1»^»^ « ^ould mark 
coordinates Vt the sealof i?fo 000^ e1™**0«**** *> the geodetic 
•» sheet of clean paper.    Sen ^'2? V/     5 t   Way to do this is on 

orientation, then KemacSne nlST»? ^ ?*' data to get to absolute 
the coordinate on ^u^li L^ ?£      *  V™ rWS> ** «»n record u^bl* forms (for er^mple, Geodesy 102 and 103) 
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In order to evaluate the accuracy of the determined points, 
it is useful to select a larger number of points than is necessary 
for photogrammetric evaluation, and to select them in the area of 
a treble longitudinal fold and in the area of transversal folds« 
Independent determination of the coordinates of the matching points 
for the 1:10,000 map makes it possible to evaluate the accuracy of the 
determination of the coordinates. 

In order to facilitate accurate identification of the specified 
matching points for the purpose of evaluating the photographs of the 
.1:10,000 map, it is useful to estimate the location of new matching 
or controlling points, when reading the machine coordinates of these 
•Doints, by comparing them to the nearest configuration, which is 
actually the topography of the matching points for the 1:10,000 map. 

Ü. On the basis of the given geodetic coordinates, we should 
make an arithmetical transformation of the machine coordinates* For 
the transformation key, we recommend using all the matching points 
represented in the pair of photographs. Thus, assuming that the 
reading of the photogrammetrie coordinates is equally accurate, we 
should verify the accuracy of the determination of the given matching 
points. For purposes of transformation, we can again use the Geodesy 
103 forms. 

IVo Assumed advantages of the proposal 
1. If we are required to prepare a map in the 1:10,000 scale 

by the combined method, or a photoplan for other purposes on the basis 
f the photographs of a new survey flight, and if it is possible to 
identify the necessary matching points on the photographs for the 1:10,0"") 
map and for the 1:25,000 map, we can determine both the positions and 
the elevations of these points from the photographs for the 1:25,000 
map without any geodetic work in the field. 

When covering an area of higher altitude, or when it is impossibüs 
to identify the matching points for the purpose of recopying every 
second photograph, it is sometimes useful to place the matching points 
in the center of the longitudinal double fold and to recopy every 
photograph. 

2. IJhen we use the universal method, the procedure indicated 
above can be used only under the conditions and to the extents indicated 
balow: 

a) If, in evaluating the 1:10,000 map, it is possible to 
identify the matching points in the projected areas both on photographs 
for the 1:10,000 map and on those for the 1:25,000 map, then, after the 
transformation of photogrammetrie coordinates into geodetic coordinates, 
the position coordinates can be determined with sufficient accuracy. 
Their photogrammetrically-determined elevations above sea level can 
probably be used only for a rough check of the elevations above sea 
level determined by field measurements. 
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The elevations above sea level of the determined matching 
points can then be determined according to column (3) of paragraph 50 
of Instruction ii-l, i.e., trigönometrically by computing the distances 
from the map base, or by technical leveling, or possibly by means of 
tacheometric chains. 

b) If it is possible to identify only the matching points 
placed on a pair of photographs of those for the 1:10,000 map and on 
photographs for the 1:25,000 map, these being used only for determining 
and controlling the scale of the model, then it suffices to measure the 
matching points for horizontal measurement of the model by means of the 
universal instrument in determining elevation (technical leveling or 
tacheometric chains). When measuring elevations above sea level, it 
is useful in this case to run the leveling or tacheometric chains 
through the centers of the transversal folds and approximately along 
the connecting lines of the principal points of the individual chains. 

If we plan to measure elevations above sea level on individual 
sheets, then we must measure f ive chains for one map sheet at the 
1:10,000 scale with one photograph" at the 1:18,000 scale. Assuming 
that each chain will be longer by 30$ than the longitudinal dimension 
of the map sheet, it will be necessary to measure 30 km of a chain 
on a photograph at the 1:18,000 scale and 7 chains hZ km long on a 
photograph at the 1:13,000 scale» 

In selecting the presentations or tacheometric positions on th*? 
identified points of the photographs, it will be possible to measure 
about 100 control points on a map sheet along a distance of 30 km for 
xhe purpose of reviewing the pho tog ramme trie evaluation, and about 
150 points along a distance of U2 km. At the same time, we shall 
also use the verified matching points measured for mapping at the 
\l:2f),000 scale. There will be 12-17 matching points from pho%5gramraetric 
mapping at the 1:25,000 scale for every sheet of the 1:10,000 map. 

Assuming that the distances of the leveling points will be 
only UO m, or the sides of an elevation tacheometric chain about 2]?0 m, 
the suggested method will save approximately h-0%  of the time necessary 
to determine the matching points by the present geodetic method« 

The time saved in mapping work by the suggested method of 
determining the matching points could be increased even more by 
measuring the elevation control points on the sides during technical 
leveling, or by measuring the area of tacheometric chains. Thus, by 
increasing only slightly the time spent in measuring the chain, we 
could measure a large number of points for the purpose of controlling 
the photogrammetrie evaluation. Time would also be saved because 
with the proposed method of determining the matching points it would 
not be necessary to renew the signals of a given geodetic network. 
3y using our method of determining the matching points for the purpose 
of determining and controlling the scale of the evaluated model, we do 
not need to determine the location of the matching points in order to 
evaluate their elevation. A similar method is used in the Soviet Union 
to determine the position of matching points by means of radial triangu- 
lation. , 
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Another advantage of the proposed method will probably be 
armarent in that the photogrammetric method of determining matching 
pointsaffordsa better selection of clearly identifiable matching and 

COntr0lOfncoSsfthe most difficult operation of the proposed method 
will be the identification of the same points on photographs for 
1:10,000 and 1:25,000 maps. 

v     Practical test of the method . 
^--^^^KaraeicHESraESve, of using as a photogrammetric 
base the 1:25,000 map was accepted by the USGK [Ustredni Svaz Geodetu 
a Kartograf?"- Central Union of Geodesists and Cartographers] as the 
solution of assignment Wo 2 in the USGK competition of innovators and 
nventors for the period 1958/1959».    revision of the correct meohod of 

determining matching points.   The method was transmitted to ^ 
Geodetic and Topographic Institute in Prague for ^J^^**1"" 

The verification was made on one sheet ox the 1:10,000 map. 
However, the matching points for this map sheet were ^^by^he 
classic method on photographs for the 1:10,000 map.    Conse^ly the 
Proposed working procedure could not be followed entirely.   As a result, 
the possibility of a clear identification of a sufficiently large 
nu^bfr of matching points on the photographs from both aerial surveys 

was limited. ^^ ^ ^ ^ A7      tograph jy 

comrades^. Klimova and J. Janovska in the photog««teic gj»*^ 
mit of the GTU [Geodetic and Topographic Institute] under the direction 
of comrade J. Zoula.    Evaluations were made on six pairs of photograph 
of the 1:25,000 map.    The scale of the photographs made i. 1953 £ 
about 1:23,000s the scale of the photographs made m 1959 for a l-f>^> 
Sois about 1 18,000.    After receiving instructions concerning the 
;SceduSrtheworkers evaluated two pairs of photogr »f^ « «£}£3 
Sting machine in one shift.   The machine coordinates of about 15 pom., 
were determined for one pair of photographs on the ^erage. 

The measured matching points on photographs ^f ^ ^'J ° 
mat. are less likely to be identified on the photographs for the 1:25,000 
ma?     ?he identification x*ould be easier if the proposed procedure were 
kSt     :£ selecting matching points in the projected areas of matching 
Ss * photographs for both the 1:25,000 map and the 1:10,000 map 
S erving the photographs of both aerial ^observations at the « t«s 
we shall probably be able 'to select a sufficient number ol clearly 
identifiable points on both sets of photographs. ^-^ 

During the tests, efforts were made to identify measured matching 
points Zc the 1:10,000 map on photographs for the 1:25,000 map.   The 
teste showed that such a procedure is difficult, but at the same time 
it was proved that is possible to identify those matching points in the 
Proximity of previously-measured matching points S and therefore tnat it 
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is possible to make further use of photogrammetrie bases for the 
i:23',OO0 map. Only eight of the measured points could be identified 
on photographs of both scales. The accuracy of their photogrammetrie 
determination from photographs for the 1:25,000 map is shown in Table 
II. 
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